2 15 Abstract 16 Mangrove expansion monopolizes estuarine landscapes by diminishing habitat diversity and 17 hence biodiversity. Physical landcover types, including mangrove vegetation, influence polychaete 18 and avifauna habitat uses. The connections between the physical to biota-associated landscapes 19 warrant investigation. We determine how to best describe the landscape in a mangrove-vegetated 20 wetland according to the physical, polychaete and bird domains and identify what physical 21 attributes would affect the biota-associated landscapes. Differences among the physical and biota-22 associated landscapes were evaluated using multivariate ordination analyses. Six physical 23 landcover types were aligned along elevation, inundation and sedimentary gradients. The 24 polychaete-associated landscape was structured by three landcover types, mainly mangroves and 25 tidal flats with intermediate and high inundation. Deposit-feeding spionid and nereid, carnivorous 26 goniadid and suspension-feeding sabellid polychaetes depended on the different landcover types. 27 Shorebirds occurred distinctively in tidal flats with large, open surface areas. Egrets characterized 28 tidal flats and mangroves, and foliage and ground gleaners characterized mangroves. Open tidal 29 flats are crucial to polychaetes, which are the main prey of shorebirds and are also important to 30 egret foraging. Our results suggest that effective management strategies for conserving these 31 migratory birds require the maintenance of open tidal flats in the landscape. 32 33 Keywords: Landcover types; Physical setting; Biota-coupled landscape; Polychaete assemblage; 34 Bird assemblage 3 35 Introduction 36 Essential components of a healthy mangrove ecosystem include mud and sand flats, tidal 37 waterways, shallow water areas and circulating waters in addition to mangrove stands [1, 2]. These 38 mosaic and interconnected landcover types make mangrove ecosystems varied in terms of 39 landscape function and the production of both terrestrial and aquatic organisms [3-5]. Furthermore, 40 mangrove ecosystems are also among the most threatened ecosystems on Earth due primarily to 41 the devastating effects of anthropogenic activities [6, 7] and natural disturbance [8]. Assessments 42 of the relationships between the supplies provided by mangroves and demand from human society 43 have demonstrated intimate bottom-up and top-down connections between the functions of 44 mangrove ecosystems and the services they offer to human wellbeing [9]. When considering 45 mangrove trees alone, they compose a simple ecosystem with limited vegetation niches and low 46 bird species richness [10, 11]. At the landscape level, however, landscape heterogeneity within 47 both mangrove ecosystems and their surroundings is crucial in characterizing mangrove-dependent 48 bird assemblages [11-13]. Mangroves have been found to have both positive and negative roles in 49 ecosystems. For example, as they act as both foundation species and ecosystem engineering 50 species, mangroves can substantially change landscape structure through their biohydrological 51 attributes. These changes could promote habitat availability for some species but not for others 52 [14]. To properly manage mangrove-dominated wetlands, the data necessary for understanding the 53 interactions among the geomorphological, hydrological, biological and socioeconomic domains 54 that underlie mosaic landscapes are still missing for many of these wetlands, and a lack of relevant 55 knowledge has caused many mangrove rehabilitation efforts to fail [1]. 56 Most suggestions regarding mangrove-associated landscape management have focused on 4 57 avifauna and the anthropogenic effects of different types of land use on bird communities [11-13]. 58 There are few studies reporting the landscape-and/or physical habitat-based connections between 59 avifauna and their food sources [15]. Macrobenthos polychaetes and bivalves and fishes, for 60 instance, are the main preys of shorebirds and egrets [15-17], while insects are a major food source 61 of foliage gleaners [18]. Polychaete and bivalve distributions are largely controlled by local 62 physical driving forces, including hydrology, geomorphology and sedimentology [19-23], while 63 insect distributions are tightly associated with vegetation composition [24]. These findings suggest 64 that bird distribution must closely follow the benthos and vegetation structure. Consequently, the 65 context of a local landscape arises as a result of the physical setting and macroinvertebrate-and 66 bird-specific landscapes. Information on these interconnected landscapes and human land uses 67 would greatly improve conservation efforts focusing on mangrove-vegetated wetlands. 68 The Wazihwei Nature Reserve is located in the Danshuei River estuary, which hosts the 69 northernmost population of the mangrove Kandelia obovata in Taiwan [25, 26]. This reserve was 70 designated in 1994 to preserve the mangrove trees, which are strictly protected by Taiwan's 71 Culture Heritage Reservation Act. This area is also an important wintering and stopover site for 72 migratory shorebirds, egrets, and other waterbirds [27]. From 1984 to 2013 (30 years), some 73 shorebird and egret populations remarkably declined by several tens to hundreds of times, while 74 during approximately the same time period, the mangrove-vegetated area increased by 75 approximately 30% [27]. These changes suggest that the decreasing waterbird abundance in this 76 reserve might be attributed to the simplified landscape structure as a result of mangrove 77 overexpansion [2]. 78 To resolve the conflicts between mangrove protection and biodiversity enhancement, it is 79 necessary to understand whether identifiable connections between the physical and biotic 5 80 landscapes exist and what physical attributes affect such connections. Using the Wazihwei wetland 81 as a case study site, the purposes of the present study were to assess (1) how the best landcover 82 types within the physical landscape and biotic landscape are characterized, in other words, how 83 well the landscape is described by the physical and biotic domains, and (2) what physical attributes 84 contribute to structuring the biota-coupled landscape. These assessments will promote our 85 understanding and sound management of mangrove-vegetated wetlands from a landscape 86 perspective. 87 88 Materials and methods 89 Study area 90
10
192 guilds were used in the analyses. The included polychaetes commonly occur in the Danshuei River 193 estuary [37] . 194 We used the multivariate ordination technique of canonical discriminant analysis (CDA, [38] ) 195 to distinguish the best landcover types on the basis of the physical attribute and biotic assemblage 196 variables. This analysis was also used to identify which variables constitute the principal 197 components differentiating the landcover types. The abundances of polychaete species and the 198 abundance and species richness of bird guilds with correlation coefficients with the Can1 and Can2 199 variables greater than 0.40 were considered important components and included in subsequent 200 analyses.
201
We also used other ordination methods, canonical correspondence analysis (CCA) and 202 redundancy analysis (RDA, [38]), to examine the relationships among the biotic variables and 203 physical attributes. In analyses of the relationships for the bird assemblages, only the datasets that 204 simultaneously contained both bird variables and sedimentary attributes were used. In addition, 205 because each bird survey zone (Fig 1) was large and included several stations used for collecting 206 sedimentary attributes, the values of the sedimentary attributes for each bird survey zone were the 207 means of those attributes collected from the given stations in that given zone. A prior principal 208 component analysis (PCA) or detrended correspondence analysis (DCA) was separately conducted 209 with the data for the polychaete or avian assemblages to assess the gradient lengths of the first 210 PCA or DCA axis. The lengths of the gradients were 4.9 and 1.6 (in SD units) for the density of 211 the polychaetes and the abundance plus species richness of the bird assemblages, respectively. On average, the exposed open intertidal surface area was 18,517 m 2 ; the elevation was 0.74 222 m above the mean sea water level; the slope was mild and with 0.06 inclination; the inundation 223 frequency was 24%; and the flow velocity was slow, at 0.06 m sec -1 , while the flow resistance was 224 0.12 N m -2 (S3 Table) .
225
The sediments consisted of poorly sorted fine sand with moderate amounts of silt-clay and 226 moisture while the interstitial water was approximately neutral. The grain size averaged 130 μm, 227 the silt-clay content was 38.7%, the sorting coefficient was 1.63, the moisture content was 30.6%, 228 and the pH was 7.06 (S3 Table) .
229 Abundance and species richness of the biotic assemblages 230 Thirteen polychaete species, including one unknown species among the juvenile nereids, were 231 recorded, with a mean density of 440.7 individuals m -2 ( Table) . Egrets and 237 shorebirds were the two most abundant guilds, with an average of 9.9 and 7.4 counts per survey, 238 respectively. These two guilds combined accounted for 84.3% of the total bird counts (overall 239 average: 20.5 counts, Table 1 ). The ground and foliage gleaners presented fewer counts, and the 240 aerial predators and waterfowl were even rarer. Twenty-four species of shorebirds were recorded 241 and constituted 41.4% of the total bird species (Table 1) .
242 281 Association between landcover type and polychaetes 282 According to the CDA, the density distributions of polychaete species were associated with 283 three distinguishable landcover types (Table 2) . These landcover types were primarily the inner 284 high and intermediate inundation flats as well as the mangrove vegetation ( Fig 3A) . In addition to 285 these three separable landcover types, the inner intermediate inundation Fig 3A) . These data reveal that each of the three 294 landcover types was associated with a distinct polychaete species: G. japonica mostly occurred in 295 the inner flat with high inundation, while M. indicus was primarily distributed in the mangrove 296 area, and N. glandicincta was most abundant in the inner flat with intermediate inundation (Fig 3) .
297 The densities of G. japonica in inHF, M. indicus in the mangroves and N. glandicincta in inMF 298 averaged 165.8, 252.1 and 712.2 individuals m -2 , respectively (S6 Table) . 
